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1TECHNICAL PUBLICATION
AN EsTIMATE of NoRTH ATlANTIC BAsIN TRoPICAl CYCloNE  
ACTIVITY foR 2008
1.  INTRoDUCTIoN
A tropcal cyclone s a non-frontal synoptc low-pressure system that forms over the warm 
tropcal or subtropcal waters (at least 27 °C, or 80 °F) and has organzed convecton and cyclonc 
surface wnd crculaton.1,2 When the tropcal cyclone has sustaned wnds of ≥34 kt (39 mph), t s 
referred to as a ‘tropcal storm.’ When ts sustaned wnds attan 64 kt (74 mph), t s referred to as a 
‘hurrcane’ (or ‘typhoon’ n the Northwest Pacfic Ocean or ‘severe’ tropcal cyclone n the Southwest 
Pacfic Ocean and Southeast Indan Ocean), becomng a ‘major,’ or ‘ntense,’ hurrcane when ts sus-
taned wnds reach 96 kt (111 mph). In terms of hurrcane categores, a tropcal cyclone s consdered 
a major hurrcane when t s category 3 or hgher (the scale runs category 1–5). Based on past North 
Atlantc basn tropcal cyclone actvty (where the North Atlantc basn ncludes the North Atlantc 
Ocean, the Gulf of Mexco and the Carbbean Sea), a typcal hurrcane season extends 6 mo, from 
June 1 through November 30 n any gven year (wth the bulk of actvty occurrng n August– Octo-
ber), although occasonally tropcal cyclones have been seen at other tmes outsde ths nterval (n 
all months except March).3 
Every year, varous groups forecast the expected frequency of tropcal cyclones for that par-
tcular season, ncludng the expected number of storms, the expected number of hurrcanes, and 
the expected number of ntense hurrcanes formng n the North Atlantc basn. For example, the 
Colorado State Unversty (CSU) team4 has predcted that the 2008 season should see 15 tropcal 
cyclones formng n the North Atlantc basn, 8 becomng hurrcanes and 4 becomng major hur-
rcanes, whereas the offical Natonal Oceanc and Atmospherc Admnstraton (NOAA) outlook5 
calls for 12–16 tropcal cyclones formng n the North Atlantc basn, 6 – 9 becomng hurrcanes and 
2 – 5 becomng major hurrcanes, and the Tropcal Storm Rsk (Unted Kngdom) team6 predcts 
14.8 ± 4.1 tropcal cyclones, ncludng 7.8 ± 2.7 hurrcanes and 3.5 ± 1.8 major hurrcanes for the 2008 
season.
The purpose of ths NASA Techncal Publcaton (TP) s to reexamne the clmatology assoc-
ated wth North Atlantc basn tropcal cyclones, updatng prevous work3,7–13 and offerng a predc-
ton of tropcal cyclone actvty for the current 2008 hurrcane season.
22.  REsUlTs
Fgure 1 dsplays the number of North Atlantc basn tropcal cyclones (NTC), the num-
ber of hurrcanes (NH), the number of major hurrcanes (NMH), the number of category 4 and 5 
major hurrcanes (N4/5) and the number of U.S. land-fallng hurrcanes (NUSLFH) that have been 
reported for the nterval 1945–2007, shown as the thn, jagged lnes. The thcker, smoother lnes 
are the 10-yr movng averages, and the horzontal lnes are the medan values. Also shown are the 
means and standard devatons (sd) for each group and the occurrences of El Nño (EN, the filled 
trangles) and La Nña (LN, the unfilled trangles) events based on the Oceanc Nño Index (ONI),14 
determned usng the extended reconstructed sea surface temperature (verson 2) database (ERSST.
v2). The post-1945 North Atlantc basn data set of tropcal cyclone actvty s consdered the most 
relable, owng to routne use of arcraft reconnassance and contnuous satellte vewng (from the 
1960s).15,16
For the nterval of 1945 – 2007 (spannng some 63 yr), there have been, on average, about 
11 tropcal cyclones formng n the North Atlantc basn each year, of whch about 6 become hur-
rcanes, 2 – 3 become major hurrcanes (1 – 2 becomng category 4 or 5 durng ther development), 
and about 1– 2 become hurrcanes strkng the U.S. coastlne (most often along the Florda coast).3 
It should be  noted that the dentfied medan values are the prncpal modal values, as well. Based on 
ts 10-yr movng average, NTC has remaned rather flat for most of the nterval, at least for the subn-
terval of 1950 – 1990. Begnnng n 1990, however, a substantal ncrease has been underway (perhaps 
peakng n the early 2000s), owng to the sharp ncrease n 1995 and thereafter. Pror to 1995, annual 
frequences of NTC ranged typcally between about 6 and 12 per year, wth the largest frequency of 
occurrence n 1969 (18 tropcal cyclones). From 1995, the rate has surpassed the medan n 11 of the 
past 13 years, rangng between 8 and 28 (the nfamous 2005 season) tropcal cyclones per year.
For the other parameters (NH, NMH, N4/5, and NUSLFH), ther 10-yr movng averages 
suggest a decreasng trend from the 1950s and an ncreasng trend from the 1990s, perhaps ndcatng 
a dvson of the decadal tme nterval nto a smple b-modal state: more actve n the 1950s, 1960s, 
and the 1990s on, and less actve durng the 1970s and 1980s (ths beng especally true for NMH). 
Whle the current 10-yr movng averages of NTC, NH, and N4/5 are hgher than ever seen n the 
record, those of NMH and NUSLFH reman slghtly below the peaks of the 1950s. Should the 
upward trends contnue, then clearly one should expect hgher-than-average frequences durng the 
comng years, especally f  the trends are related to global warmng.3,17–52
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Fgure 1.  Varaton of (a) NTC, (b) NH, (c) NMH, (d) N4/5, and (e) NUSLFH for the nterval
 1945–2007. Shown are the yearly counts (thn, jagged lnes), 10-yr movng averages 
 (thck, smoothed lnes), medan values (horzontal lnes), means and standard deva-
 tons, and the occurrences of EN (filled trangles) and LN (unfilled trangles) events.
4Fgure 2 shows the peak wnd speed (PWS, n kt), the average peak wnd speed per storm 
(<PWS>, n kt), the lowest pressure (LP, n mb) and the average lowest pressure per storm (<LP>, n 
mb) for the nterval 1945 – 2007. As n figure 1, shown are the yearly values (the thn, jagged lnes), the 
10-yr movng averages (the thcker, smoother lnes), the medans (the horzontal lnes), the means and 
standard devatons, and the occurrences of EN and LN. For the nterval of 1945 – 2007, PWS has 
averaged about 127 kt, rangng typcally between 100 and 150 kt, wth the lowest PWS occurrng n 
1968 (75 kt) and the hghest n 1969 and 1980 (165 kt, assocated wth Camlle and Allen, respectvely). 
Other notable years of PWS n excess of 150 kt nclude 1950 (160 kt, Dog), 1988 (160 kt, Glbert), 
1998 (155 kt, Mtch), and 2005 (155 kt, Rta, and 160 kt, Wlma; Katrna attaned a PWS of 150 kt). 
Whle the overall trend (10-yr movng average) slowly decreased from the 1950s through the 1980s, t 
now appears to be trendng upward, attanng values remnscent of the 1950s. In fact, the last 10-yr 
movng average value (134.5 kt) s almost equal to the peak that was seen n 1954 (135 kt). 
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Fgure 2.  Varaton of (a) PWS, (b) <PWS>, (c) LP, and (d) <LP> for the nterval 1945–2007. 
 Shown are the yearly values (thn, jagged lnes), 10-yr movng averages (thck, 
 smoothed lnes), medan values (horzontal lnes), means and standard devatons, 
 and the occurrences of EN (filled trangles) and LN (unfilled trangles) events.
5Concernng <PWS>, a definte decrease occurred between the 1950s and the 1980s, wth a 
slow rse begnnng n the 1990s. Whle the trend s upward, current values pale n comparson to that 
found for the 1950s (74.5 kt n 2002 as compared to 83.4 kt n 1954).
For LP, the trend s relatvely flat untl about the 1990s. The value n 2002 measured 923.5 mb, 
beng about 1.5% lower than the long-term average. Tropcal cyclones havng LPs < 900 mb nclude 
Allen (1980, 899 mb), Glbert (1988, 888 mb), Rta (2005, 897 mb), and Wlma (2005, 882 mb). By 
comparson, Andrew n 1992 had LP = 922 mb and Katrna n 2005 had LP = 902 mb. Other note-
worthy storms nclude Janet n 1955 (914 mb), Hatte n 1961 (920 mb), Beulah n 1967 (923 mb), 
Camlle n 1969 (905 mb), Davd n 1979 (924 mb), Glora n 1985 (920 mb), Hugo n 1989 (918 mb), 
Opal n 1995 (919 mb), Mtch n 1998 (905 mb), Floyd n 1999 (921 mb), Isabel n 2003 (915 mb) 
and Ivan n 2004 (910 mb). Of the 18 storms dentfied here, 13 have occurred snce 1980, suggestng, 
perhaps, that an ntensficaton of tropcal cyclones s presently underway.
For <LP>, the overall trend s qute flat, although there was a slght ncrease (weakenng) to 
values above the long-term average n the 1970s and 1980s and a slght decrease (strengthenng) to 
values below the long-term average snce the 1990s. In all farness, however, t must be ponted out 
that the record of LPs n the 1940s and early 1950s s ncomplete. Table 1 provdes a detaled account 
of the yearly values plotted n figures 1 and 2. (The reader should remember that pressure and wnd 
speed are nversely related, meanng that lower pressures are assocated wth faster wnd speeds and 
vce versa.)
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9El Nño condtons are known to affect the frequency of occurrence of tropcal 
cyclones.3,8–10,13,53–55 In partcular, there usually s a reducton n the number of tropcal cyclones 
formng n the North Atlantc basn when EN condtons preval. Table 2 gves the start, peak, and 
end dates, duraton (n months), event type (EN or LN), event strength (weak, moderate, or strong), 
peak ONI value (determned usng the ERSST.v2 data set) and comments for specfic events for those 
events occurrng durng the nterval of 1950 – 2007. Ths lstng of events s based on the ONI run-
nng 3-mo mean sea surface temperature (SST) anomaly for the Nño 3.4 regon (located 5°N–5°S, 
120°–170°W), whch has become the de-facto standard that NOAA uses for dentfyng warm (EN) 
and cold (LN) events. In partcular, events are determned when 5 or more months contnuously have 
ONI values ether 0.5 °C at or above SST anomaly (EN) or 0.5 °C at or below SST anomaly (LN). 
Weak events have ONI values between 0.5 and 0.9 °C SST anomaly for warm events and – 0.5 and 
– 0.9 °C SST anomaly for cold events; moderate events have ONI values between 1.0 and 1.4 °C SST 
anomaly for warm events and between –1.0 and –1.4 °C SST anomaly for cold events. Strong events 
have ONI values ≥1.5 °C SST anomaly for warm events and ≤ –1.5 °C for cold events. In total, some 
29 events are gven, ncludng 16 EN and 13 LN (however, the first and last events are ncomplete, so 
complete knowledge s nferred for only 27 events), and these 29 events span 35 of the 58 yr between 
1950 and 2007. The 23 non-extreme years are El Nño Southern Oscllaton (ENSO)-neutral years, 
wth ONI values nether warmer nor colder than ther respectve 5 °C thresholds. In the table, the 
first event s not completely dscerned; hence, the letter B ndcates that the event started before Janu-
ary 1950. Also, the peak date may have occurred before January 1950. Lkewse, the last event s not 
completely dscerned; hence, the letter A ndcates that the event wll end after January 2008 and ts 
peak may be colder than ndcated. Also, t should be noted that ths event lstng s much rcher than 
the one used n Wlson (2007).3 In t, extreme events were determned from the combned effects of 
both atmospherc and oceanc sgnals, usng the ENSO Index developed by Catherne Smth and 
Prashant Sardeshmukh (avalable at <http://www.cdc.noaa.gov/people/cathy.smth/best/>).56 Con-
sequently, only 8 EN and 5 LN years were ascertaned.
Table 3 gves the means, standard devatons, and ranges for each of the parameters (NTC, 
NH, NMH, N4/5, NUSLFH, PWS, <PWS>, LP, and <LP>) for all three ENSO condtons: EN, 
LN, and neutral. Clearly, when EN condtons preval, the frequency of tropcal cyclones s typcally 
depressed below long-term averages.  Also, when LN condtons preval, a slght enhancement above 
the long-term averages s apparent. On average, there appear to be about three addtonal storms 
formng durng a typcal LN season, as compared to a typcal EN season, and the dfference s stats-
tcally mportant at the 5% level of sgnficance (confidence level, cl > 95%). A statstcally sgnficant 
dfference n the means of the two groups s also true for NH, NMH, N4/5, <PWS>, and <LP>, 
but not true for NUSLFH, PWS, or LP. Hence, whle the numbers of storms mght be depressed 
durng an EN season and the <PWS> and <LP> mght be ndcatve of weaker storms, the number 
strkng the U.S. and the storm wth hghest PWS and lowest pressure are statstcally no dfferent 
from when neutral or LN condtons preval. A case n pont s 1969, when EN condtons prevaled 
both before the hurrcane season and durng the latter half  of the hurrcane season. (It should be 
noted that n tables 1 and 2, a year s denoted EN or LN when at least 3 consecutve months occur 
durng the nterval June – November that are ndcatve of EN or LN, respectvely, based on the ONI 
descrptor. As an example, ONI spanned – 0.1 to –1.2 durng the June – November 2007 hurrcane 
season, beng – 0.8, –1.1, and –1.2 durng the 3-mo span of September–November 2007, ndcatve 
of LN condtons of moderate strength, so noted as LN(M) n table 1. Also, the actual strength of 
the LN event at the end of 2007 s denoted strong, based on the ONI value of –1.5 n January 2008, 
and s so noted n table 2.)
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Table 2.  Occurrence dates for EN and LN events based on the ONI for 1950 – 2007.
Start Peak End
Duration 
(mo) Type Strength
Peak ONI 
Value Comment
B01-1950
08-1951
04-1954
04-1957
09-1961
07-1963
04-1964
06-1965
10-1967
11-1968
07-1970
05-1972
05-1973
09-1976
09-1977
05-1982
09-1983
10-1984
08-1986
05-1988
05-1991
04-1994
09-1995
05-1997
07-1998
05-2002
07-2004
09-2006
09-2007
01-1950?
10/11-1951
11-1955
01-1958
09/10-1961
11/12-1963
10/11-1964
11-1965
02-1968
01/02-1969
01/02-1971
12-1972
11-1973
11/12-1976
11/12-1977
12-1982/01-1983
11-1983
12-1984
08/09-1987
11/12-1988
01-1992
12-1994
12-1995/01-1996
11/12-1997
01-1999$
11-2002
09/10/11-2004
11/12-2006
01-2008?
03-1951
12-1951
01-1957
06-1958
04-1962
01-1964
02-1965
04-1966
04-1968
01-1970
01-1972
03-1973
05-1976
02-1977
01-1978
06-1983
01-1984
06-1985
02-1988
05-1989
06-1992
03-1995
03-1996
04-1998
02-2001
03-2003
02-2005
01-2007
A01-2008
15+
5
34
15
8
7
11
11
7
15*
19
11
36#
6
5
14
5
9
19
13
14
12
7
12
32$
11
8
5
5+
LN
EN
LN
EN
LN
EN
LN
EN
LN
EN
LN
EN
LN
EN
EN
EN
LN
LN
EN
LN
EN
EN
LN
EN
LN
EN
EN
EN
LN
Strong
Weak
Strong
Strong
Weak
Moderate
Moderate
Strong
Weak
Moderate
Moderate
Strong
Strong
Weak
Weak
Strong
Weak
Moderate
Strong
Strong
Strong
Moderate
Weak
Strong
Strong
Strong
Weak
Moderate
Strong
–1.8
0.7
–2.1
1.6
–0.6
1.0
–1.1
1.6
–0.9
1.0
–1.4
2.1
–1.9
0.8
0.8
2.3
–0.9
–1.1
1.6
–1.9
1.8
1.3
–0.8
2.5
–1.6
1.5
0.9
1.1
–1.5?
 
 
Secondary local peak of –1.1 in 10/11-1954
 
 
 
 
 
 
Secondary local peak of 0.7 in 10/11-1969
 
 
Secondary local peak of –1.8 in 12-1975
 
 
 
 
 
Secondary local peak of 1.3 in 01-1987
 
 
 
 
 
 
 
 
 
 
Note: ONI values based on ERSST.v2 SST anomalies in the Niño 3.4 region
 * ONI dipped below 0.5 threshold to 0.4 for 3 months (06-1969 – 08-1969)
 # ONI dipped below 0.5 threshold to –0.4 for 1 month (08-1974)
 $ ONI dipped below 0.5 threshold to –0.3 for 3 months (07-2000 – 09-2000); Attained same peak value (–1.6) in 12-1999 and 01-2000
 B Before
 A After
 ? Questionable
Table 3.  Statstcs of North Atlantc basn tropcal cyclones based on ONI condtons (1950 – 2007).
Statistic
EN–Related Seasons(17) LN–Related Seasons(18) Neutral Seasons(23)
NTC NH NMH N4/5 NUSLFH NTC NH NMH N4/5 NUSLFH NTC NH NMH N4/5 NUSLFH
mean
sd
range
9.0
3.4
6–18
5.0
2.6
2–12
1.9
1.8
0–6
0.9
1.1
0–4
1.2
1.4
0–6
11.6
3.3
4–19
6.8
2.4
3–11
3.2
1.9
1–8
1.9
1.5
0–5
1.8
1.2
0–4
11.3
4.6
5–28
6.7
2.5
3–15
2.6
1.7
0–7
1.2
0.8
0–5
1.7
1.7
0–6
Statistic
EN–Related Seasons(17) LN–Related Seasons(18) Neutral Seasons(23)
PWS <PWS> LP <LP> PWS <PWS> LP <LP> PWS <PWS> LP <LP>
mean
sd
range
120.9
21.7
90–165
71.5
8.8
56–89
944.3
19.4
905–980
983.1
6.0
971–992
132.5
19.2
100–160
78.7
10.5
65–100
931.0
20.8
888–963
976.2
11.0
951–990
128.0
20.9
75–165
75.1
8.1
61–93
932.7
19.4
882–966
978.9
6.2
967–989
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As prevously mentoned, values have been substantally hgher (stronger) snce 1995. Table 4 
compares means, standard devatons, and ranges for each of the parameters, comparng post-1995 
values aganst pre-1995 values. Planly, all parameters, except <PWS> and <LP>, show that snce 
1995 the frequency of occurrence and peak strength of North Atlantc basn tropcal cyclones have 
ncreased dramatcally.
Table 4.  Comparson of pre- and post-1995 statstcal values.
Statistic
NTC NH NMH N4/5 NUSLFH PWS <PWS> LP <LP>
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
mean 9.6 14.8 5.7 8.0 2.4 3.9 1.2 2.3 1.6 2.1 125.5 133.1 75.2 73.9   941.1 923.2 979.5 978.2
sd 2.8 4.9 2.1 3.2 1.8 1.9 1.0 1.6 1.3 2.0 20.8 17.0 9.2 9.2 19.3 19.9 8.3 7.5
range 4–18 8–28 2–12 3–15 0–8 1–7 0–4 0–5 0–6 0–6 75–
165
105–
160
59–
100
56–
91
888–
980
882–
955
951–
992
965–
991
Table 5 dentfies the recurrence rate (RR) and duraton (D) of EN and LN events snce 1950. 
Of the 29 EN and LN events lsted n table 2, nformaton s sufficent to characterze RR and D for 
26 of the events. The LN event of 1950 could not be used because no start date s gven, and the D 
for the LN event of 2007 s presently unknown (snce the event contnues). Also, the RR for the EN 
event of 2006 s unknown, snce another EN has yet to occur. (The reader should note that the recur-
rence rate s determned from the start of a partcular event to the start of the next same type event, 
dsregardng event strength. As an example, the August 1951 start of an EN was followed by the next 
start of an EN event n Aprl 1957, 68 mo later; thus, the RR s 68 mo. Smlarly the Aprl 1954 start 
of a LN event was followed by the next start of a LN event n September 1961, 89 mo later; thus, ts 
RR s 89 mo.)
Table 6 compares the mean, standard devaton, and range for EN and LN events, accordng to 
event strength and n total. Hence, EN events appear to recur, on average, about every 58 mo (range: 
13 – 124 mo), whle LN events appear to recur, on average, about every 44 mo (range: 12 – 75 mo). 
If  an ongong EN event s of weak strength, then one would expect the next EN (of any strength) 
to occur, on average, about 21 mo later (range: 13 – 34 mo). If  an ongong EN event s of moderate 
strength, then one would expect the next EN (of any strength) to occur, on average, about 40 mo later 
(range: 34 – 43 mo). Last, f  an ongong EN event s of strong strength, then one would expect the 
next EN (of any strength) to occur, on average, about 103 mo later (range: 88 – 124 mo). Smlarly, 
f  an ongong LN event s of weak strength, then one would expect the next LN (of any strength) 
to occur, on average, about 41 mo later (range: 12 – 68 mo). If  an ongong LN event s of moderate 
strength, then one would expect the next LN (of any strength) to occur, on average, about 34 mo later 
(range: 23 – 42 mo). Last, f  an ongong LN event s of strong strength, then one would expect the 
next LN (of any strength) to occur, on average, about 50 mo later (range: 12 – 75 mo).
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Table 5.  Recurrence rates and duratons of extreme events.
LN Events* EN Events**
Start
(Mo-Yr)
RR 
(mo)
D 
(mo) Strength
Start
(Mo-Yr)
RR 
(mo)
D 
(mo) Strength
04-1954
09-1961
04-1964
10-1967
07-1970
05-1973
09-1983
10-1984
05-1988
09-1995
07-1998
09-2007
 
 
 
 
89
31
42
33
34
124
13
43
88
34
110
–
 
 
 
 
34
8
11
7
19
36
5
9
13
7
32
5+
 
 
 
 
S
W
M
W
M
S
W
M
S
W
S
S
 
 
 
 
08-1951
04-1957
07-1963
06-1965
11-1968
05-1972
09-1976
09-1977
05-1982
08-1996
05-1991
04-1994
05-1997
05-2002
07-2004
09-2006
68
75
23
41
42
52
12
56
51
57
35
37
60
26
26
–
5
15
7
11
15
11
6
5
14
19
14
12
12
11
8
5
W
S
M
S
M
S
W
W
S
S
S
M
S
S
W
M
Note:
  * Excludes LN events of 1950 and 2007
 ** Excludes EN event of 2006 (for RR)
 RR Recurrence Rate (in months)
 D Duration (in months)
 W Weak
 M Moderate
 S Strong
Table 6.  Statstcs of recurrence rates and duratons for EN and LN events.
Grouping
RR* 
(mo)
D 
(mo)
mean sd range mean sd range
LN(W)
LN(M)
LN(S)
All LN events
21.0
39.7
102.8
58.3
13.0
4.9
17.4
37.3
13–34
34–43
88–124
13–124
6.8
13.0
28.8
16.5
1.3
5.3
10.6
11.9
5–8
9–19
13–36
5–36 
EN(W)
EN(M)
EN(S)
All EN events
40.5
34.0
49.6
44.1
25.9
9.8
15.4
17.9
12–68
23–42
26–75
12–75
6.0
9.8
13.4
10.6
1.4
4.6
2.8
4.3
5–8
5–15
11–19
5–19
Note:
     *   RR is from the start of the event to the start
         of the next event, regardless of event strength
Concernng the duraton of the extreme events, on average, EN events (dsregardng strength) 
last about 11 mo (range: 5 – 19 mo) and LN events (dsregardng strength) last about 17 mo (range: 
5 – 36 mo). If  the ongong EN s of weak strength, then one would expect ts duraton, on average, to 
be about 6 mo from start to end (range: 5 – 8 mo). If  the ongong EN s of moderate strength, then 
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one would expect ts duraton, on average, to be about 10 mo (range: 5 – 15 mo). Last, f  the ongong 
EN s of strong strength, then one would expect ts duraton, on average, to be about 13 mo (range: 
11 – 19 mo). Smlarly, f  the ongong LN s of weak strength, then one would expect ts duraton, 
on average, to be about 7 mo from start to end (range: 5 – 8 mo). If  the ongong LN s of moderate 
strength, then one would expect ts duraton, on average, to be about 13 mo (range: 9 – 19 mo). Last, 
f  the ongong LN s of strong strength, then one would expect ts duraton, on average, to be about 
29 mo (range: 13 – 36 mo).
Presently, a strong LN contnues that began n September 2007. Snce the LN event s of 
strong strength, one antcpates that ts duraton wll be at least 13 mo (from the shortest observed 
duraton reported for strong LN events snce 1950; see tables 5 and 6). If  true, then LN condtons 
wll preval well nto and possbly through the current 2008 hurrcane season. Thus, predcton of 
the frequences of occurrence and strengths of the tropcal cyclones for the 2008 hurrcane season 
should be based on the statstcs of LN-related seasons. It should be noted, however, that, accordng 
to the May 8, 2008, ENSO Dagnostcs Dscusson, NOAA forecasters57 have reported that LN con-
dtons have weakened consderably snce February, but presently reman ndcatve of a contnung 
weak LN through Aprl. Hence, a transton to ENSO-neutral condtons appears to be underway. 
If  neutral condtons manfest themselves pror to August 2008, then the duraton of the presently 
ongong LN wll be <11 mo, whch s outsde the experental database of strong LN snce 1950 (but 
not outsde the 90% predcton nterval of duraton based on the four known LN(S) events, whch s 
about 29 ± 23 mo), and the season would be best descrbed as ENSO-neutral.
Presumng that LN condtons wll preval durng the 2008 hurrcane season, from table 3 
one finds that, on average, prevous (snce 1950) LN-related seasons have had about 12 tropcal 
cyclones formng n the North Atlantc basn, wth about 7 becomng hurrcanes, 3 becomng major 
hurrcanes, 2 attanng category 4/5 status, and 2 strkng the U.S. coastal areas. The 90% predc-
ton ntervals (correctng for sample sze) for the 2008 hurrcane season for each of the parame-
ters are as follows: NTC90 = 11.6 ± 5.7, NH90 = 6.8 ± 4.2, NMH90 = 3.2 ± 3.3, N4/590 = 1.9 ± 2.6, 
NUSLFH90 = 1.8 ± 2.1, PWS90 = 132.5 ± 33.4 kt, <PWS>90 = 78.7 ± 18.3 kt, LP90 = 932.7 ± 34.3 mb, 
and <LP>90 = 976.2 ± 18.8 mb. Thus, there appears to be only a 5% chance that NTC wll exceed 17 
(unless the current season proves to be a statstcal outler, as was the 2005 season), NH wll exceed 
about 11, NMH wll exceed about 6, N4/5 wll exceed about 5, NUSLFH wll exceed about 4, PWS 
wll exceed about 166 kt, <PWS> wll exceed about 97 kt, LP wll be lower than about 898 mb, 
and <LP> wll be lower than about 957 mb. (Should neutral condtons preval, one would have to 
slghtly adjust the predcton nterval accordngly.)
Another approach s smply to dsregard the ENSO condton and use the post-1995 statst-
cal values (a more actve state). The 90% predcton ntervals (correctng for sample sze) for the 2008 
hurrcane season for each of  the parameters are as follows: NTC90 = 14.8 ± 8.8, NH90 = 8.0 ±5.7, 
NMH90 = 3.7 ± 3.2,  N4/590 = 2.3 ± 2.9,  NUSLFH90 = 2.1 ± 3.6,  PWS90 = 133.1 ± 30.5 kt, 
<PWS>90 = 73.9 ± 16.5 kt, LP90 = 924.5 ± 34.7 mb, and <LP>90 = 977.9 ± 12.9 mb. Thus, presumng 
that the 2008 hurrcane season s statstcally smlar to the post-1995 seasons, there appears to be 
only a 5% chance that NTC wll exceed about 24, NH wll exceed about 14, NMH wll exceed about 
7, N4/5 wll exceed about 5, NUSLFH wll exceed about 6, PWS wll exceed about 164 kt, <PWS> 
wll exceed about 90 kt, LP wll be lower than about 890 mb, and <LP> wll be lower than about 
965 mb.
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In Wlson (2007),3 a method for predctng the expected frequences based on the dstrbu-
ton of the rates of change n the parametrc 10-yr movng averages was descrbed. Fgure 3 dsplays 
the first dfference n the 10-yr movng averages (FD10) of NTC, NH, and NMH for 1950 – 2001. 
By estmatng the change n the parametrc 10-yr movng average value, one effectvely establshes a 
predcton for the current hurrcane season. As descrbed here, the first dfference (FD10) s defined 
as the change n the 10-yr movng average (ma) from one year to the next. As an example, the 10-yr 
movng average for NTC for the year 2001 s 14.7 and the 10-yr movng average for NTC for the 
year 2002 s 14.9, so one can nfer that FD10 equals 0.2 for NTC for the year 2001 (that s, the 10-yr 
movng average value for NTC ncreased by 0.2 unt), and ths s the value plotted n figure 3. To the 
rght n figure 3 are the dstrbutons of the parametrc first dfferences and proportons (P) of the 
52 FD10 values that fall wthn ± 0.1 unt and wthn ± 0.2 unt of the precedng 10-yr movng average 
value. For NTC, 50% of the tme, ts FD10 les wthn ± 0.1 unt, and 69% of the tme, t les wthn 
± 0.2 unt. Hence, one can use these proportons to approxmate the expected frequency of occur-
rence of NTC for the 2008 hurrcane season. 
The 10-yr movng average for NTC for the year 2003 s calculated smply as
 NTC10(2003) = [NTC(1998) + NTC(2008) + 2 (∑NTC() for  = 1999 through 2007)]/20  . (1)
In equaton (1), there are two unknowns: NTC10(2003) and NTC(2008). However, one can 
approxmate NTC10(2003) from the dstrbuton of FD10(NTC), as follows:
 NTC10(2003) = NTC10(2002)± x		, (2)
where NTC10(2002) s known and x s the estmate for the first dfference (usually equal to ± 0.1 or 
± 0.2, havng occurred 50 and 69% of the tme, respectvely). As an example, NTC10(2002) = 14.9. 
Assumng that the FD10(NTC) for 2003 wll be ± 0.1, one determnes NTC(2008) = 8 ± 2, nferrng 
only a 25% chance that NTC(2008) wll exceed 10. On the other hand, assumng that FD10(NTC) 
for 2003 wll be ± 0.2, one determnes NTC(2008) = 8 ± 4, nferrng only about a 15% chance that 
NTC(2008) wll exceed 12. Both predctons presume a normal dstrbuton for FD10(NTC), though 
planly the observed dstrbuton has a notceable rghtward skew (towards hgher first dfference 
values), perhaps ndcatng that a first dfference larger than 0.2 s a dstnct possblty. In fact, rather 
than havng 15% of the values hgher than 0.2, one finds that the observed dstrbuton exceeds 0.2 
about 21% of the tme. It should be noted that the mean FD10 value snce 1990 s about 0.4, and one 
can nfer that f  the first dfference n the 10-yr movng average of NTC for 2003 happens to equal 
0.4, then one finds that NTC (2008) could be as hgh as 16. Only sx tmes n the span of 52 years has 
the FD10(NTC) exceeded 0.4, all occurrences except one takng place snce 1990. 
For NH and NMH, ther FD10 values have P(± 0.1) equal to about 60 and 64%, respectvely, 
and ther FD10 values have P(±0.2) equal to about 73 and 85%, respectvely. Also, the mean FD10 val-
ues snce 1990 for both NH and NMH are about 0.2. Presumng that FD10 for both NH and NMH 
equals 0.2 for 2003, one expects 12 or fewer hurrcanes and 7 or fewer major hurrcanes to form n 
the North Atlantc basn n 2008. Frst dfferences larger than 0.2 have occurred only nne tmes for 
hurrcanes (five tmes snce 1990) and only three tmes for major hurrcanes (all snce 1990).
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Fgure 3.  Varaton of the yearly first dfference of 10-yr movng average values for (a) NTC, 
 (b) NH, and (c) NMH for the nterval 1950 –2001. Also shown are the dstrbuton 
 of first dfference values, the proportons for ±0.1 and ±0.2 first dfference values, 
 and the average first dfference value (and standard devaton) for values snce 1990.
Fgure 4 shows a smlar plot for the first dfferences for N4/5 and NUSLFH. The ± 0.1 and 
± 0.2 proportons for N4/5 are about 75 and 96%, respectvely. For NUSLFH, the proportons are 
about 77 and 90%, respectvely. Snce 1990, the mean FD10 for both N4/5 and NUSLFH s about 0.1. 
Therefore, presumng that FD10 for both N4/5 and NUSLFH equals 0.1 for 2003, one expects two 
or fewer category 4 or 5 storms and five or fewer hurrcanes to strke the U.S. coastlne durng the 
2008 hurrcane season. If  nstead one accepts 0.0 for the FD10 for 2003 for both N4/5 and NUSLFH, 
then one expects no category 4 or 5 storms and three or fewer hurrcanes to strke the U.S. coastlne 
durng the 2008 hurrcane season. (A value of 0.0 has occurred 44% of the tme for N4/5 and 48% 
of the tme for NUSLFH.)
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Fgure 4.  Varaton of the yearly first dfference of 10-yr movng averages for (a) N4/5 
 and (b) NUSLFH. Also shown are the dstrbuton of first dfference values 
 and the first dfference value (and standard devaton) for values snce 1990.
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3.  DIsCUssIoN AND sUMMARY
Examned n ths study were the statstcal aspects of the North Atlantc basn tropcal cyclones 
for the past 63 seasons (1945 – 2007), an nterval consdered the most relably determned because of 
routne arcraft reconnassance and contnuous satellte vewng. In partcular, both yearly values 
and 10-yr movng averages were ascertaned, and the effects of ENSO on them were descrbed. 
Last, estmates of the expected tropcal cyclone actvty for the current season were gven, based on 
expected trends n the 10-yr movng averages.
For 1945 – 2007, the mean number of tropcal cyclones formng n the North Atlantc basn 
measured 10.7, havng a standard devaton of 3.9 and rangng between 4 (n 1982) and 28 (n 2005). 
Thus, presumng a normal dstrbuton and no trendng, the 90% predcton nterval s 10.7 ± 6.5, 
whch suggests only a 5% chance that 18 or more storms should be expected durng any gven season. 
In fact, 18 or more storms have occurred on only three occasons (whch happen to be 5% of the 
samples): 1969 (18), 1995 (19), and 2005 (28).
Because the 10-yr movng average of the number of tropcal cyclones has been trendng 
upward snce 1990, t s apparent that the number of tropcal cyclones snce 1995 has ncreased 
markedly. Indeed, the mean number of tropcal cyclones post-1995 measures 14.8, havng a standard 
devaton of 4.9 and rangng between 8 (1997) and 28 (2005). The 90% predcton nterval post-1995 
s 14.8 ± 8.7, whch suggests only a 5% chance that 24 or more storms should be expected durng 
the post-1995 era (also, there s only a 5% chance that fewer than 6 storms should be expected dur-
ng the post-1995 era). Compared to the pre-1995 era, on average, about five addtonal storms per 
season have occurred durng the post-1995 era. The dfference n means (14.8 vs. 9.6) s statstcally 
mportant at < 0.1% level of sgnficance (that s, greater than the 99.9 % cl). Hence, t appears that 
snce 1995, the lkelhood of enhanced tropcal cyclone actvty n the North Atlantc basn has sub-
stantally ncreased.
Lkewse, t s qute apparent that non-EN-related seasons tend to be more actve than EN-
related seasons, especally f  the season s deemed LN-related. On average, based on the 17 pror 
EN-related seasons snce 1950 (determned by the ONI), durng an EN-related season one expects 
about 9 tropcal cyclones, havng a standard devaton of 3.4 and rangng between 6 and 18, thus 
yeldng the 90% predcton nterval of 9 ± 5.9. For LN-related seasons (18 snce 1950), on average 
one expects 11.6 tropcal cyclones, havng a standard devaton of 3.3 and rangng between 4 and 19, 
thus yeldng the 90% predcton nterval of 11.6 ± 5.7. The dfference n means (LN vs. EN) s stats-
tcally mportant at the 5% level of sgnficance (95% cl). The dfference n means between LN-related 
seasons and ENSO-neutral seasons s not statstcally mportant.
Presently, a formerly strong LN, whch began n September 2007, contnues as a weak LN 
(through early 2008). Because strong LN events, on average (snce 1950), persst about 29 mo (rang-
ng n duraton between 13 and 36 mo), t seems hghly lkely that the 2008 hurrcane season wll be 
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a non-EN-related season (ether an LN-related season or possbly an ENSO-neutral season). Hence, 
one should expect greater-than-average frequency of tropcal cyclones ths hurrcane season.
Supportng ths vew s the fact that the trend n the 10-yr movng average has rsen from 9.5 
n 1990 to 14.9 n 2002, and the first dfference n 10-yr movng average value has been postve (>0.0) 
snce 1989, averagng about 0.4 (rangng between 0.1 and 0.9) snce 1990. Hence, one expects the 
10-yr movng average for 2003 to be 15 or hgher. Presumng the 10-yr movng average wll be exactly 
15, the number of tropcal cyclones expected n 2008 would be 10. Should the 10-yr movng average 
be 15.3 (reflectng the average ncrease of 0.4 snce 1990), the number of tropcal cyclones expected 
n 2008 wll be 16. Only 6 of 52 first dfferences have been >0.4, all except one havng occurred snce 
1990. So, t appears hghly lkely that the expected first dfference for 2002 wll be postve and that 
the 10-yr movng average wll be greater than 15 for 2003, suggestng that one should expect more 
than the average number of tropcal cyclones durng the present season. (Frst dfferences tend to 
cluster about a value of 0.0, rangng from – 0.4 to 0.9, wth 11.5% beng of value >0.4. For 69%, the 
values are ± 0.2.) 
Table 7 summarzes the expected frequency of occurrences for selected groupngs of tropcal 
cyclones for the 2008 hurrcane season, based on the statstcs of the North Atlantc basn tropcal 
cyclone record for 1945 – 2007. Recall that the CSU team4 predcts that the 2008 hurrcane season wll 
see 15 tropcal cyclones, 8 hurrcanes, and 4 major hurrcanes. The offical NOAA outlook5 calls for 
12 – 16 tropcal cyclones, 6 – 9 hurrcanes, and 2 – 5 major hurrcanes. The TSR team6 predcts about 
11 –19 tropcal cyclones, 5 – 11 hurrcanes, and 2 – 5 major hurrcanes. Comparson of these values 
wth those of table 7 reveals that all of these predctons essentally reflect mean post-1995 behavor. 
Thus, gven that the 2008 hurrcane season s one that s post-1995 and n all lkelhood a non-EN-
related season (see the appendx), above-average frequences of occurrence should be expected for 
the current hurrcane season. 
Table 8 gves the decadal means, standard devatons, and ranges for each subgroupng of 
tropcal cyclone actvty. As an example, the decade of 1950 – 1959 averaged 10.4 tropcal cyclones, 
havng a standard devaton of 2.3 and rangng between 7 and 14 storms per season; t averaged 6.9 
hurrcanes, havng a standard devaton of 2.3 and rangng between 3 and 11; and so forth. Compared 
to the 2000 – 2007 partal decade, none of the mean decadal rates are statstcally dfferent except the 
ones for NTC. For the partal decade of 2000 – 2007, NTC averages 15.8 tropcal cyclones, havng 
a standard devaton of 5.3 and rangng between 10 and 28. The dfference n means s statstcally 
mportant at the 0.2 % level of sgnficance (98 % cl).  Comparng the partal decade of 2000 – 2007 
wth the decade of the 1970s (or the 1960s or 1980s), one finds that all mean decadal rates are stats-
tcally dfferent except the one for NUSLFH. Thus, the current epoch of tropcal cyclone actvty s 
statstcally more actve than the decades of the 1960s – 1980s (less actve), and smlar to the decade 
of the 1950s (wth the lone excepton of NTC, wth about five addtonal tropcal cyclones, on aver-
age, than n the 1950s). The number of U.S. land-fallng hurrcanes has remaned relatvely constant 
for the past 5+ decades.
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Table 7.  Summary of expected frequency of occurrences for selected 
 groupngs of tropcal cyclones for the 2008 hurrcane season.
Parameter NTC NH NMH N4/5 NUSLFH
mean (1945–2007)
range (1945–2007)
mean (LN-related season)
range (LN-related season)
mean (post-1995)
range (post-1995)
FD = mean post-1990
FD = 0.0
10.7
4–28
11.6
4–19
14.8
8–28
16
8
6.1
2–15
6.8
3–11
8.0
3–15
12
8
2.7
0–7
3.2
1–8
3.9
1–7
7
3
1.4
0–5
1.9
0–5
2.3
0–5
2
0
1.7
0–6
1.8
0–4
2.1
0–6
5
3 
Table 8.  Decadal statstcs of North Atlantc basn tropcal cyclones.
Decade NTC NH NMH N4/5 NUSLFH AT*
1950–1959
1960–1969
1970–1979
1980–1989
1990–1999
2000–2007
10.4,2.3,7–14
9.5,3.7,5–18
9.5,2.2,7–13
9.3,3.2,4–13
11.0,4.0,7–19
15.8,5.3,10–28
6.9,2.3,3–11
6.2,2.6.3–12
5.0,1.1,3–6
5.3,2.3,2–9
6.4,3.1,3–11
7.9,3.4,4–15
3.9,2.1,2–8
2.8,2.4,0–7
1.6,0.8,0–3
1.7,1.1,0–3
2.5,2.1,0–6
3.6,1.9,2–7
1.7,0.8,1–3
1.5,1.4,0–4
0.8,0.8,0–2
1.0,0.9,0–3
1.4,1.6,0–5
2.3,1.6,0–5
1.9,1.2,0–3
1.5,1.1,0–4
1.2,1.0,0–3
1.6,1.8,0–6
1.4,1.1,0–3
2.0,2.6,0–6
9.43,0.44,8.81–10.20
9.17,0.36,8.57–9.58
9.15,0.42,8.35–9.72
9.28,0.47,8.57–10.07
9.75,0.44,9.22–10.32
10.15,0.31,9.57–10.59
Note:  The three sets of numbers given for each grouping are the mean, standard deviation, and range, respectively.
 * Armagh Observatory, Northern Ireland, surface air mean temperature in degrees C (calibrated data 2004; provisional 
  data 2005–2007) 
Included n table 8 s the decadal mean surface ar temperature at Armagh Observatory, 
Northern Ireland (AT), to show the effects of global warmng. Durng the 1950s the average AT 
measured about 9.4 °C. The decadal average declned n the 1960s and 1970s before ncreasng n 
the 1980s and 1990s. In the partal decade of 2000 – 2007, the average temperature reached about 
10.2 °C. A comparson of the behavors of the decadal means of the tropcal cyclone groupngs wth 
the AT behavor shows strong smlarty, suggestng a close assocaton between them. 
Fgure 5 dsplays a vsual depcton of the mean decadal behavors presented n table 8. Notce 
that the less actve 1960s and 1970s seem to be assocated wth a coolng n temperature, whle the 
1950s and 1980s onward seem to be assocated wth a long-term warmng n temperature. Table 9 
gves the correlatve results comparng tropcal cyclone decadal means aganst AT decadal means. 
For NTC there s a very strong statstcal correlaton (r	= 0.94 at > 99 % cl) aganst temperature, one 
that explans nearly 90 % of ts varance; for NH, there s a strong statstcal correlaton (r	= 0.83 
at >95 % cl) aganst temperature, one that explans more than two-thrds of ts varance. Statst-
cally mportant nferred correlatons, however, are lackng for NMH, N4/5 (the nferred correlaton,	
r	= 0.80, s only of margnally statstcal strength, cl >90 %), and NUSLFH. Some other factor(s), 
therefore, must also be at work, most lkely wnd shear assocated wth the ENSO events.
20
50–59 60–69 70–79 80–89 90–99 00–09
Decade
50–59
4
0
8
12
16
4
0
8
12
60–69 70–79 80–89 90–99 00–09
Decade
NTC
NH
NMH
N4/5
AT
NUSLFH
N
um
be
rV
al
ue
N
um
be
rV
al
ue
(a) (b)
Fgure 5.  Decadal varaton of (a) (NTC, NH, NMH, N4/5), and (b) (AT, NUSLFH).
 Table 9.  Correlatve results based on the decadal statstcs 
 of numbers of tropcal cyclones, hurrcanes, major 
 hurrcanes, category 4/5 hurrcanes, and U.S. land-fallng 
 hurrcanes vs. Armagh temperature.
Statistic NTC NH NMH N4/5 NUSLFH
r
rxr
a
b
se
cl
0.936
0.876
– 45.234
5.918
0.966
>99%
0.832
0.691
–15.064
2.250
0.649
>95%
0.549
0.301
–9.927
1.329
0.888
<90%
0.798
0.637
– 8.823
1.083
0.349
>90%
0.609
0.371
–2.867
0.471
0.260
<90%
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In concluson, ths study supports the prevous predctons proffered by the CSU, NOAA, 
and TSR teams callng for a contnued ncreased actvty durng the 2008 hurrcane season. The 
2008 season s a post-1995 season that also wll be non-EN-related, both condtons ndcatve of 
ncreased actvty n the North Atlantc basn durng the current epoch of actvty, especally when 
coupled wth contnued global warmng. Presumng first dfferences comparable to the post-1990 
means, one should expect about 16 tropcal cyclones to form n the North Atlantc basn, ncludng 
12 hurrcanes and 7 major hurrcanes, of whch 2 should attan category 4 or 5. Whle the long-term 
average s about two hurrcanes strkng the U.S. coastlne, as many as sx have struck n a sngle 
season. One antcpates that as many as five could strke f  the first dfference n the 10-yr movng 
average NUSLFH s ndeed comparable to the post-1990 mean first dfference.
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APPENDIX—El NIÑo-RElATED AND NoN-El NIÑo-RElATED sEAsoNs
Accordng to the runnng 3-mo ONI, an El Nño s sad to occur when five consecutve 
monthly values at or above the threshold of a +0.5 °C SST anomaly are seen. For ths study, a hur-
rcane season (June – November) s desgnated El Nño-related (ENR) when at least 3 consecutve 
months durng the hurrcane season have been dentfied as beng an El Nño by ONI. Otherwse, the 
season s termed non-El Nño-related (NENR). Of the precedng 58 hurrcane seasons (1950 – 2007), 
there have been 17 ENR seasons and 41 NENR seasons.
Table 10 gves the frequences of occurrence of ENR and NENR seasons based on a sngle 
queston (event): Is ONI ≥ 0.5 SST anomaly durng the month of nterest? Hence, the table provdes 
a means whereby one can determne on a monthly bass the lkelhood that a hurrcane season wll be 
ENR or NENR from early-year ONI values. As an example, January 2008 has a value of ONI = –1.5. 
Hence, the answer to the queston s “no.” Of the 40 past January ONI values that answered “no,” 26 
(65%) had followng hurrcane seasons that were descrbed as NENR. A contnued “no” answer n 
February ncreases the percentage to 70%, and ncreases t further to 82% n June. So, t seems very 
lkely that the 2008 hurrcane season wll be NENR. 
Table 10.  Frequences of occurrence of ENR seasons and NENR seasons 
 based on monthly runnng 3-mo ONI averages.
Event: Is ONI >/= 0.5 SST anomaly during month of interest?
Decision Month ENR-Season (17) NENR-Season (41) Total (58)
YES 01
02
03
04
05
06
All
3
4
2
4
9
9
31
15
10
9
7
7
4
52
18
14
11
11
16
13
83
NO 01
02
03
04
05
06
All
Total
14
13
15
13
8
8
71
102
26
31
32
34
34
37
194
246
40
44
47
47
42
45
265
348
23
REfERENCEs
  1. Henderson-Sellers, A.; Zhang, H.; Berz, G.; Emanuel, K.; Gray, W.; Landsea, C.; Holland, G.; 
Lghthll, J.; Sheh, S.-L.; Webster, P.; and McGuffie, K.: “Tropcal Cyclones and Global Clmate 
Change: A Post-IPCC Assessment,” Bull.	Am.	Meteorol.	Soc., Vol. 79, p. 19, 1998.
  2. Emanuel, K.: “Tropcal Cyclones,” Ann.	Rev.	Earth	and	Planet.	Sci., Vol. 31, p. 75, 2003.
  3.  Wlson, R.M.: “Statstcal Aspects of the North Atlantc Basn Tropcal Cyclones: Trends, Nat-
ural Varablty, and Global Warmng,” NASA/TP–2007–214905, Marshall Space Flght Center, 
Alabama, avalable at <http://trs.ns.nasa.gov/archve/00000747/>, May 2007.
  4. <http://typhoon.atmos.colostate.edu/Forecasts/>, accessed June 2008.
  5. <http://www.cpc.ncep.noaa.gov/products/outlooks/hurrcane.shtml>, accessed June 2008.
  6. <http://tsr.mssl.ucl.ac.uk/>, accessed June 2008.
  7. Wlson, R.M.: “Comment on ‘Downward Trends n the Frequency of Intense Atlantc Hur-
rcanes Durng the Past Fve Decades’ by C.W. Landsea et al.,” Geophys.	Res.	Letts., Vol. 24, 
p. 2203, 1997.
  8. Wlson, R.M.: “Statstcal Aspects of Major (Intense) Hurrcanes n the Atlantc Basn durng 
the Past 49 Hurrcane Seasons (1950 – 1998): Implcatons for the Current Season,” Geophys.	
Res.	Letts., Vol. 26, p. 2957, 1999.
  9. Wlson, R.M.: “Decpherng the Long-Term Trend of Atlantc Basn Intense Hurrcanes: More 
Actve Versus Less Actve durng the Present Epoch,” NASA/TP – 1998 – 209003, Marshall 
Space Flght Center, Alabama, avalable at <http://trs.ns.nasa.gov/archve/00000460/>, 
December 1998.
10. Wlson, R.M.: “Statstcal Aspects of ENSO Events (1950 – 1997) and the El Nño-Atlantc 
Intense Hurrcane Actvty Relatonshp,” NASA/TP–1998–209005, Marshall Space Flght 
Center, Alabama, avalable at <http://trs.ns.nasa.gov/archve/00000462/>, December 1998.
11. Wlson, R.M.: “El Nño durng the 1990’s: Harbnger of Clmatc Change or Normal Fluctua-
ton,” NASA/TP – 2000 – 209960, Marshall Space Flght Center, Alabama, avalable at <http://
trs.ns.nasa.gov/archve/00000513/>, February 2000.
12. Wlson, R.M.: “On the Bmodalty of ENSO Cycle Extremes,” NASA/TP – 2000 – 209961, 
Marshall Space Flght Center, Alabama, avalable at <http://trs.ns.nasa.gov/archve/00000514/>, 
February 2000.
24
13. Wlson, R.M.: “Decadal Trends of Atlantc Basn Tropcal Cyclones (1950 – 1999),” NASA/
TP – 2001, Marshall Space Flght Center, Alabama, avalable at <http://trs.ns.nasa.gov/
archve/00000563/>, May 2001.
14.  <http://ggweather.com/enso/on.htm>, accessed June 2008.
15.  Landsea, C.W.: “A Clmatology of Intense (or Major) Atlantc Hurrcanes,” Mon.	Wea.	Rev., 
Vol. 121, p. 1703, 1993.
16.  Landsea, C.W.; Ncholls, N.; Gray, W.M.; and Avla, L.A.: “Downward Trends n the Frequency 
of Intense Hurrcanes durng the Past Fve Decades,” Geophys.	Res.	Letts., Vol. 23, p. 1697, 
1996. 
 
17.  Butler, C.J.; and Johnston, D.J.: “A Provsonal Long Mean Ar Temperature Seres for Armagh 
Observatory,” J.	Atmos.	Terr.	Phys., Vol. 58, p. 1657, 1996.
18.  Wlson, R.M.: “Evdence for Solar-Cycle Forcng and Secular Varaton n the Armagh Tem-
perature Record (1844 – 1992),” J.	Geophys.	Res., Vol. 103, p. 11159, 1998.
19.  Butler, C.J.; García Suárez, A.M.; Coughln, A.D.S.; and Morrell, C.: “Ar Temperatures at 
Armagh Observatory, Northern Ireland, from 1796 to 2002,” J.	 Climatol., Vol. 25, p. 1055, 
2005.
20.  Wlson, R.M.; and Hathaway, D.H.: Examnaton of the Armagh Observatory Annual Mean 
Temperature Record, 1844 – 2004,” NASA/TP – 2006 – 214434, Marshall Space Flght Center, 
Alabama, avalable at <http://trs.ns.nasa.gov/archve/00000727/>, July 2006.
21.  Flannery, T.: The	Weather	Makers—How	Man	Is	Changing	the	Climate	and	What	It	Means	for	
Life	on	Earth, Atlantc Monthly Press, New York, p. 357, 2005.
22.  Lghthll, J.; Holland, G.; Gray, W.; Landsea, C.; Crag, G.; Evans, J.; Kurhara, Y.; and Guard, 
C.: “Global Clmate Change and Tropcal Cyclones,” Bull.	Am.	Meteorol.	Soc., Vol. 75, p. 2147, 
1994.
23.  Gray, W.M.; Sheaffer, J.D.; and Landsea, C.W.: “Clmate Trends Assocated wth Multdecadal 
Varablty and Atlantc Hurrcane Actvty,” Hurricanes,	Climate,	and	Socioeconomic	Impacts, 
eds. H.F. Daz and R.S. Pulwarty, Sprnger, Berln, p. 15, 1997.
24.  Landsea, C.W.; Pelke, R.A., Jr.; Mestas-Nuñez, A.M.; and Knaff, J.A.: “Atlantc Basn Hur-
rcanes: Indces of Clmatc Changes,” Clim.	Change, Vol. 42, p. 89, 1999.
25.  Saunders, M.A.; and Harrs, A.R.: “Statstcal Evdence Lnks Exceptonal 1995 Atlantc Hur-
rcane Season to Record Sea Warmng,” Geophys.	Res.	Letts., Vol. 24, p. 1255, 1997.
25
26.  Landsea, C.W.: “Clmate Varablty of Tropcal Cyclones: Past, Present and Future,” Storms, 
eds. R.A. Pelke, Sr., and R.A. Pelke, Jr., Routledge, New York, p. 220, 2000.
27.  Goldenberg, S.B.; Landsea, C.W.; Mestas-Nuñez, A.M.; and Gray, W.M.: “The Recent Increase 
n Atlantc Hurrcane Actvty: Causes and Implcatons,” Science, Vol. 293, p. 474, 2001.
28.  Emanuel, K.: “The Dependence of Hurrcane Intensty on Clmate,” Nature, Vol. 326, p. 483, 
1987.
29.  Emanuel, K.: “Increasng Destructveness of Tropcal Cyclones over the Past 30 Years,” Nature, 
Vol. 436, p. 686, 2005.
30.  Pelke, R.A., Jr.; Landsea, C.; Mayfield, M.; Laver, J.; and Pasch, R.: “Hurrcanes and Global 
Warmng,” Bull.	Am.	Meteorol.	Soc., Vol. 86, p. 1571, 2005.
31.  Pelke, R.A., Jr.: “Meteorology: Are there Trends n Hurrcane Destructon?” Nature, Vol. 438, 
p. E11, 2005.
32.  Landsea, C.W.: “Hurrcanes and Global Warmng,” Nature, Vol. 438, p. E11, 2005.
33.  Emanuel, K.: “Meteorology: Emanuel Reples,” Nature, Vol. 438, p. E13, 2005.
34.  Elsner, J.B.: “Evdence n Support of the Clmate Change—Atlantc Hurrcane Hypothess,” 
Geophys.	Res.	Letts., Vol. 33, p. L16705, 2006.
35.  Landsea, C.W.; Harper, B.A.; Hoarau, K.; and Knaff, J.A.: “Can We Detect Trends n Extreme 
Tropcal Cyclones?” Science, Vol. 313, p. 452, 2006.
36.  Mann, M.E.; and Emanuel, K.A.: “Atlantc Hurrcane Trends Lnked to Clmate Change,” Eos	
Trans.	AGU, Vol. 87, p. 233, 2006.
37.  Anthes, R.A.; Corell, R.W.; Holland, G.; Hurrell, J.W.; McCracken, M.C.; and Trenberth, K.E.: 
“Hurrcanes and Global Warmng—Potental Lnkages and Consequences,” Bull.	Am.	Meteo-
rol.	Soc., Vol. 87, p. 623, 2006.
38.  Pelke, R., Jr.; Landsea, C.; Mayfield, M.; Laver, J.; and Pasch, R.: “Reply to ‘Hurrcanes and 
Global Warmng—Potental Lnkages and Consequences,’ ” Bull.	Am.	Meteorol.	Soc., Vol. 87, 
p. 628, 2006.
 
39.  Mchaels, P.J.; Knappenberger, P.C.; and Davs, R.E.: “Sea-Surface Temperatures and Tropcal 
Cyclones n the Atlantc Basn,” Geophys.	Res.	Letts., Vol. 33, p. L09708, 2006.
40.  Vrman, J.; and Wesberg, R.H.: “The 2005 Hurrcane Season: An Echo of the Past or a Har-
bnger of the Future?” Geophys.	Res.	Letts., Vol. 33, p. L05707, 2006.
26
41.  Emanuel, K.: “Hurrcanes: Tempests n a Greenhouse,” Phys.	Today, Vol. 59, p. 74, August 
2006.
42.  Webster, P.J.; Holland, G.J.; Curry, J.A.; and Chang, H.R.: “Changes n Tropcal Cyclone Num-
ber, Duraton, and Intensty n a Warmng Envronment,” Science, Vol. 309, p. 1844, 2005.
43.  Chan, J.C.L.: “Comment on ‘Changes n Tropcal Cyclone Number, Duraton, and Intensty n 
a Warmng Envronment,’ ”	Science, Vol. 311, p. 1713, 2006.
44.  Wang, C.; Enfield, D.B.; Lee, S.-K.; and Landsea, C.W.: “Influences of the Atlantc Warm Pool 
on Western Hemsphere Summer Ranfall and Atlantc Hurrcanes,” J.	Climate, Vol. 19, p. 3011, 
2006.
45.  Evans, J.L.: “Senstvty of Tropcal Cyclone Intensty to Sea Surface Temperature,” J.	Climate, 
Vol. 6, p. 1133, 1993.
46.  Gray, W.M.: “Strong Assocaton between West Afrcan Ranfall and U.S. Landfall of Intense 
Hurrcanes,” Scence, Vol. 249, p. 1251, 1990.
47. Trenberth, K.: “Uncertanty n Hurrcanes and Global Warmng,” Science, Vol. 308, p. 1753, 
2005.
48.  Trenberth, K.E.; and Shea, D.J.: “Atlantc Hurrcanes and Natural Varablty n 2005,” Geo-
phys.	Res.	Letts., Vol. 33, p. L12704, 2006.
49.  Emanuel, K.: “Envronmental Factors Affectng Tropcal Cyclone Power Dsspaton,” J.	Cli-
mate, Vol. 20, p. 5497, 2007.
50.  Vecch, G.A.; and Soden, B.J.: “Increased Tropcal Atlantc Wnd Shear n Model Projectons 
of Global Warmng,” Geophys.	Res.	Letts., Vol. 34, p. L08702, 2007.
51.  Latf, M.; Keenlysde, N.; and Bader, J.: “Tropcal Sea Surface Temperature, Vertcal Wnd Shear, 
and Hurrcane Development,” Geophys.	Res.	Letts., Vol. 34, p. L01710, 2007.
52.  Vecch, G.A.; and Soden, B.J.: “Effect of Remote Sea Surface Temperature Change on Tropcal 
Cyclone Potental Intensty,” Nature, Vol. 450, p. 1066, 2007.
53.  Bove, M.C.; Elsner, J.B.; Landsea, C.W.; Nu, X.; and O’Bren, J.J.: “Effect of El Nño on U.S. 
Landfallng Hurrcanes, Revsted,” Bull.	Am.	Meteorol.	Soc., Vol. 79, p. 2477, 1998.
54.  Pelke, R.A., Jr.; and Landsea, C.W.: “La Nña, El Nño, and Atlantc Hurrcane Damages 
n the Unted States,” Bull.	Am.	Meteorol.	Soc., Vol. 80, p. 2027, 1999.
55.  Klotzbach, P.J.: “Trends n Global Tropcal Cyclone Actvty over the Past Twenty Years (1986–
2005),” Geophys.	Res.	Letts., Vol. 33, p. L10805, 2006.
27
56.  <http://www.cdc.noaa.gov/people/cathy.smth/best/>, accessed May 2007.
57.  <http://www.cdc.noaa.gov/products/analyss_montorng/enso_advsory/>, accessed June 2008.
28
 
REPORT DOCUMENTATION PAGE Form ApprovedOMB No. 0704-0188
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintain-
ing the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions 
for reducing this burden, to Washington Headquarters Services, Directorate for Information Operation and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office 
of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503
1.  AGENCY USE ONLY (Leave Blank) 2.  REPORT DATE 3.  REPORT TYPE AND DATES COVERED
4.  TITLE AND SUBTITLE 5.  FUNDING NUMBERS
6.  AUTHORS
7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8.  PERFORMING ORGANIZATION
     REPORT NUMBER
9.  SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10.  SPONSORING/MONITORING
       AGENCY REPORT NUMBER
11.  SUPPLEMENTARY NOTES
12a.  DISTRIBUTION/AVAILABILITY STATEMENT 12b.  DISTRIBUTION CODE
13.  ABSTRACT (Maximum 200 words)
14.  SUBJECT TERMS 15.  NUMBER OF PAGES
16.  PRICE CODE
17.  SECURITY CLASSIFICATION
       OF REPORT
18.  SECURITY CLASSIFICATION
       OF THIS PAGE
19.  SECURITY CLASSIFICATION
       OF ABSTRACT
20.  LIMITATION OF ABSTRACT
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. 239-18
298-102
Unclassified Unclassified Unclassified Unlimited
An Estimate of North Atlantic Basin Tropical Cyclone 
Activity for 2008
Robert M. Wilson
George C. Marshall Space Flight Center
Marshall Space Flight Center, AL  35812
National Aeronautics and Space Administration
Washington, DC  20546–0001
Prepared by the Science and Exploration Research Office, Science and Mission Systems Office
Unclassified-Unlimited
Subject Category 47
Availability: NASA CASI 301–621–0390
The statistics of North Atlantic basin tropical cyclones for the interval 1945 – 2007 are examined 
and estimates are given for the frequencies of occurrence of the number of tropical cyclones, num-
ber of hurricanes, number of major hurricanes, number of category 4/5 hurricanes, and number of 
U.S. land-falling hurricanes for the 2008 hurricane season. Also examined are the variations of peak 
wind speed, average peak wind speed per storm, lowest pressure, average lowest pressure per storm, 
recurrence rate and duration of extreme events (El Niño and La Niña), the variation of 10-yr moving 
averages of parametric first differences, and the association of decadal averages of frequencies of oc-
currence of North Atlantic basin tropical cyclones against decadal averages of Armagh Observatory, 
Northern Ireland, annual mean temperature (found to be extremely important for number of tropical 
cyclones and number of hurricanes). Because the 2008 hurricane season seems destined to be one that 
is non-El Niño-related and is a post-1995 season, estimates of the frequencies of occurrence for the 
various subsets of storms should be above long-term averages.
38
M–1238
Technical PublicationAugust 2008
NASA/TP—2008–215471
Tropical cyclones, hurricanes, hurricane prediction (forecast), El Niño, 
La Niña, 2008 hurricane season
The NASA STI Program…in Profile
 Since its founding, NASA has been dedicated  
to the advancement of aeronautics and space 
science. The NASA Scientific and Technical 
Information (STI) Program Office plays a key  
part in helping NASA maintain this important 
role.
 The NASA STI program operates under 
the auspices of the Agency Chief Information 
Officer. It collects, organizes, provides for 
archiving, and disseminates NASA’s STI. 
The NASA STI program provides access to 
the NASA Aeronautics and Space Database 
and its public interface, the NASA Technical 
Report Server, thus providing one of the largest 
collections of aeronautical and space science 
STI in the world. Results are published in both 
non-NASA channels and by NASA in the NASA 
STI Report Series, which includes the following 
report types:
• TECHNICAL PUBLICATION. Reports 
of completed research or a major significant 
phase of research that present the results of 
NASA programs and include extensive data 
or theoretical analysis. Includes compilations 
of significant scientific and technical data 
and information deemed to be of continuing 
reference value. NASA’s counterpart of peer-
reviewed formal professional papers but has 
less stringent limitations on manuscript length 
and extent of graphic presentations.
• TECHNICAL MEMORANDUM. Scientific 
and technical findings that are preliminary 
or of specialized interest, e.g., quick release 
reports, working papers, and bibliographies 
that contain minimal annotation. Does not 
contain extensive analysis.
• CONTRACTOR REPORT. Scientific and 
technical findings by NASA-sponsored 
contractors and grantees.
• CONFERENCE PUBLICATION. 
Collected papers from scientific and technical 
conferences, symposia, seminars, or other 
meetings sponsored or cosponsored by NASA.
• SPECIAL PUBLICATION. Scientific, 
technical, or historical information from 
NASA programs, projects, and missions, often 
concerned with subjects having substantial 
public interest.
• TECHNICAL TRANSLATION. English-
language translations of foreign scientific 
and technical material pertinent to NASA’s 
mission.
 Specialized services also include creating  
custom thesauri, building customized databases,  
and organizing and publishing research results.
 For more information about the NASA STI 
program, see the following:
• Access the NASA STI program home page at 
<http://www.sti.nasa.gov>
• E-mail your question via the Internet to  
<help@sti.nasa.gov>
• Fax your question to the NASA STI Help 
Desk at 301– 621–0134
• Phone the NASA STI Help Desk at  
301– 621–0390
• Write to:
 NASA STI Help Desk
 NASA Center for AeroSpace Information
 7115 Standard Drive
 Hanover, MD  21076–1320
National Aeronautics and
Space Administration
IS20
George C. Marshall Space Flight Center
Marshall Space Flight Center, Alabama
35812
Robert M. Wilson
Marshall Space Flight Center, Marshall Space Flight Center, Alabama
NASA/TP—2008–215471
An Estimate of North Atlantic Basin Tropical 
Cyclone Activity for 2008
August 2008
